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(57) ABSTRACT 

A multi-services communications device provides internal 
control over communications, so that computer control input 
is not required. Communications performance is improved, 
especially for real time communications such as telephone 
conversations, because the multi-services communications 
device does not wait on late or failed control input from the 
computer. The multi-services communications device is 
comprised of a communications processing system con- 
nected to a network interface, telephone interface, video 
interface, and computer interface. The communications pro- 
cessing system controls: 1) the exchange of telephone sig- 
nals with a telephone connection, 2) the exchange of video 
signals with a video connection, 3) the exchange of data with 
a computer connection, and 4) the exchange of the data, 
video signals, and voice signals with a network connection. 

10 Claims, 4 Drawing Sheets 
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MULTI-SERVICES COMMUNICATIONS 
DEVICE 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. patent 
application entitled, "AUTONOMOUS MULTI-SERVICES 
CARD", filed on Nov. 20, 1998, Sen No. 09/197,044, 
(Sprint Docket 1239), and assigned to the same entity as this 
application is a continuation-in-part of U.S. patent applica- 
tion entitled , "Telecommunications System", filed on Aug. 
30, 2000, application No, 09/650,984 (Sprint Docket 
115 6 A), and assigned to the same entity as this application, 
which is a continuation of U.S patent application entitled 
"Telecommunications System", filed Apr. 04, 1997, appli- 
cation No. 08/826,641 (Sprint Docket 1156), now U.S. Pat. 
No. 6,141,339; and this application is a continuation-in-part 
of U.S patent application entitled, "Telecommunication 
System", filed Aug. 30, 2000, application No. 09/650,560 
(Sprint Docket 1156B), and assigned to the same entity as 
this application, which is a continuation of U.S. patent 
application entitled, "Telecommunications System", filed on 
Apr. 04, 1997, application No. 08/826,641 (Sprint Docket 
1156), now U.S. Pat. No. 6,141,339. 

FEDERALLY SPONORED RESEARCH OR 
DEVELOPMENT 

Not applicable 

MICROFICHE APPENDIX 
Not applicable 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention is related to the field of communications, 
and in particular, to a multi -services communications device 
that connects communications devices, such as a computer, 
a telephone device, and a video device, to a communications 
network. 

2. Description of the Prior Art 

. A network interface card allows a computer to commu- 
nicate with a communications network. Typically, the com- 
puter provides control input to the network interface card. 
Unfortunately, communications performance is adversely 
affected by using the computer to control the network 
interface card. 

The computer typically executes an operating system and 
a variety of software applications. Thus, computer process- 
ing time is shared across multiple software components. 
Communications performance suffers as a result because the 
computer may not provide control input to the network 
interface card in a timely manner. Since many forms of 
communication are real-time in nature, such as a telephone 
conversation, the lack of timely computer control can 
severely disrupt communications. In addition one of the 
software applications may cause the computer to crash, so 
that no control input is provided to the network interface 
card. In this case, communications would cease altogether. 

SUMMARY OF THE INVENTION 

The invention solves the above problem with a multi- 
services communications device that provides internal con- 
trol over communications so that computer control input is 
not required. Communications performance is improved, 
especially for real time communications such as telephone 
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conversations, because the multi-services communications 
device does not wait on late or failed control input from the 
computer. 

The multi-services communications device comprises a 

5 computer interface that is configured for coupling to a 
computer connection and that is operational to exchange 
data communications with the computer connection. The 
multi-services communications device comprises a tele- 
phone interface that is configured for coupling to a telephone 

10 connection and that is operational to exchange analog tele- 
phone signals with the telephone connection. The multi- 
services communications device comprises a video interface 
that is configured for coupling to a video connection and that 
is operational to exchange video signals with the video 
connection. The multi -services communications device 

15 comprises a network interface that is configured for coupling 
to a network connection. The network interface is opera- 
tional to exchange asynchronous transfer mode 
communications, Ethernet communications, internet 
communications, digital subscriber line communications, 

20 and/or modem communications with the network connec- 
tion. The multi^services communications device comprises a 
communications processing system that is operational to 
control the exchange of the data communications with the 
computer connection. The communications processing sys- 

25 tem is operational to control the exchange of the analog 
telephone signals with the telephone connection without any 
control input from the computer connection. The commu- 
nications processing system is operational to control the 
exchange of the video signals with the video connection. 

3Q The communications processing system is operational to 
control the exchange of asynchronous transfer mode 
communications, Ethernet communications, internet 
communications, digital subscriber line communications, 
and modem communications with the network connection. 
Communication paths connect the communications process- 

35 ing system with the computer interface, the telephone 
interface, the video interface, and the network interface. An 
enclosure houses the communication paths, the communi- 
cations processing system, the computer interface, the tele- 
phone interface, the video interface, and the network inter- 

40 face. 

It should be noted that the communications processing 
system can control the exchange of telephone or video 
signals without any control input from the computer. This 
represents" a distinct advantage over prior systems that rely 
45 on the computer for control input. In these prior systems, 
communications between the telephone device and the com- 
munications network would suffer or fail if the control input 
from the computer was delayed. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a multi-services communi- 
cations device configuration and environment in an example 
of the invention. 

FIG. 2 is a detailed block diagram of a multi-services 
55 communications device configuration in an example of the 
invention. 

FIG. 3 is a detailed block diagram of a multi- services 
communications device central controller in an example of 
the invention. 

60 FIG. 4 illustrates a protocol stack used by the multi- 
services communications device in an example of the inven- 
tion. 

DETAILED DESCRIPTION OF THE 
65 PREFERRED EMBODIMENT 

FIG. 1 depicts a multi-services communications device 
100. The multi-services communications device 100 is cam- 
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prised of a communications processing system 101, com- 
puter interface 102, telephone interface 103, network inter- 
face 104, and video interface 105. Communication paths 
connect the communications processing system 101 to the 
computer interface 102, the telephone interface 103, the 5 
network interface 104, and the video interface 105. The 
multi-services communications device 100 is housed in an 
enclosure that could be a conventional plastic or metal box, 
such as the type typically used to house electronic compo- 
nents. Those skilled in the art will recognize that some 
conventional elements of the multi-services communica- 
tions device 100 have been omitted for clarity. 

The computer interface 102 is coupled to a computer 150 
by a computer connection 152. The telephone interface 103 
is connected to a telephone device 170 by telephone con- 15 
nection 172. The network interface 104 is connected to a 
communications network 180 by a network connection 182. 
The video interface 105 is coupled to a video device 190 by 
a video connection 192, If desired, the telephone connection 
172 and the video connection 192 could be the same 
physical connection, and the telephone interface 103 and the 
video interface 105 could be integrated together. 

The computer interface 102 could be any circuitry and 
logic that can be coupled to the computer connection 152 
and that exchanges data with the computer connection 152. 25 
The telephone interface 103 could be any circuitry and logic 
that can be coupled to the telephone connection 172 and that 
exchanges telephone signals with the telephone connection 
172, The video interface 105 could be any circuitry and logic 
that can be coupled to the video connection 192 and that 30 
exchanges video signals with the video connection 192. The 
network interface 104 could be any circuitry and logic that 
can be coupled to the network connection 182 and that 
exchanges the data, video signals, and voice signals with the 
network connection 182. The communications processing 35 
system 101 could be any circuitry and logic that controls: 1) 
the exchange of data with the computer connection 152, 2) 
the exchange of telephone signals with the telephone con- 
nection 172, 3) the exchange of video signals with the video 
connection 192, and 4) the exchange of the data, video 40 
signals, and telephone signals with the network connection 
182. 

The computer 150 communicates with the communica- 
tions network 180 through the computer interface 102, the 
communications processing system 101, and the network 45 
interface 104. The telephone device 170 communicates with 
the communications network 180 through the telephone 
interface 103, the communications processing system 101, 
and the network interface 104. The video device 190 com- 
municates with the communications network 180 through 50 
the video interface 105, the communications processing 
system 101, and the network interface 104. 

It should be noted that the communications processing 
system 101 can control the exchange of voice or video 
signals without any control input from the computer 150. 55 
This represents a distinct advantage over prior systems that 
rely on the computer 150 for control input. In these prior 
systems, communications between the telephone device 170 
and the communications network 180 would suffer or fail if 
the control input from the computer 150 was delayed. eo 

FIGS. 2-4 depict a detailed example of a multi-services 
communications device. The invention is not restricted to 
this specific example, and is only restricted by the claims 
following this description. Those skilled in the art will 
appreciate that various features and functions described 65 
below can be combined with the invention as described 
above to provide multiple implementations of the invention. 



FIG. 2 depicts a multi-services communications device 
200. The multi-services communications device 200 is com- 
prised of: computer interface port 210, Modulator/ 
Demodulator (modem) port 211, Ethernet port 212, Digital 
Subscriber Line (DSL) port 213, Asynchronous Transfer 
Mode (ATM) port 214, telephone port 215, video port 216, 
controller memory 217, battery terminal 218, input power 
219, and central controller 220. Each port 210-216 could be 
comprised of a single port or could include multiple ports of 
the type shown. Those skilled in the art will recognize that 
some conventional elements of the multi-services commu- 
nications device 200 have been omitted for clarity. 

The central controller 220 is connected to the computer 
interface port 210 by a path 240. The central controller 220 
is connected to the modem port 211 by a path 241. The 
central controller 220 is connected to the Ethernet port 212 
by a path 242. The central controller 220 is connected to the 
DSL port 213 by a path 243. The central controller 220 is 
connected to the ATM port 214 by a path 244. The central 
controller 220 is connected to the telephone port 215 by a 
path 245. The central controller 220 is connected to the 
video port 216 by a path 246. The computer interface port 
210 can be coupled to the computer connection 152. The 
network connection 182 can be coupled to the modem port 
211, Ethernet port 212, DSL port 213, or ATM port 214. The 
telephone port 215 can be coupled to the telephone connec- 
tion 172. The video port 216 can be coupled to the video 
connection 192. 

The computer interface port 210 could be a conventional 
interface port, such as Ethernet, ATM, Universal Serial Bus 
(USB), LE.E.E 1394, Fiber Channel, or Small Computer 
System Interface (SCSI). The modem port 211 could be a 
conventional serial port to an analog network, such as a 
telephony modem, RF cable modem, or RF wireless modem. 
The ports 212-216 could be conventional components for 
their respective protocol. 

The multi-services communications device 200 may 
receive power from a battery connected to the battery 
terminal 218 or a conventional power outlet connected to the 
input power 219. A battery power option is required if 
telephone service is desired during a power outage to the 
input power 219. 

The central controller 220 allows the multi-services com- 
munications device 200 to operate autonomously from the 
host processor in the computer 150. Thus, the multi-services 
communications device 200 does not require any control 
input from the computer 150 to operate with robust func- 
tionality. The central controller 220 includes processing 
circuitry to execute software to control the exchange of 
various communications between the ports 210-216. Thus, 
communications can be exchanged from any of the ports 
210-216 to any of the other ports 210-216. For example, a 
video device may communicate with a computer through the 
video port 216, central controller 220, and computer inter- 
face port 210. Communications include modem, Ethernet, 
ATM, DSL, Transmission Control Protocol/Internet Proto- 
col (TCP/IP), telephony, and video. The central controller 
220 also controls the exchange of data through the computer 
interface port 210. The controller memory 217 stores some 
of the software executed by the central controller 220. 

FIG. 3 depicts the central controller 220. The central 
controller 220 is comprised of: a modem controller 221, 
Ethernet controller 222, DSL controller 223, ATM controller 
224, telephone controller 225, video controller 226, proces- 
sor memory 227, and processing core 230. Those skilled in 
the art will recognize that some conventional elements of the 
central controller 220 have been omitted for clarity. 
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The processing core 230 is connected to the modem 
controller 221, Ethernet controller 222, ATM controller 224, 
telephone controller 225, video controller 226, and proces- 
sor memory 227. The modem controller 221 is connected to 
the Ethernet controller 222 and the ATM controller 224. The 
DSL controller 223 is connected to Ethernet controller 222 
and the ATM controller 224. The modem controller 221 is 
connected to the path 241. The Ethernet controller 222 is 
connected to the path 242. The DSL controller 223 is 
connected to the path 243. The ATM controller 224 is 
connected to the path 244. The telephone controller 225 is 
connected to the path 245. The video controller 226 is 
connected to the path 246. The processing core 230 is 
connected to the path 240 and the path 247. 

Tlie controllers 221-226 are conventional circuitry that 
are operational to transfer communications in their respec- 
tive protocols through their respective ports under the con- 
trol of the central processing core 230. The controllers 
221-224 include conventional auto-sensing functionality to 
process their own respective protocol and ignore other 
protocols. The telephone and video controllers 225-226 
include digital signal processors that include coder/decoder 
(codec) functionality to convert between analog and digital 
signals. These digital signal processors also include func- 
tionality to provide compression and echo cancellation. 

The processing core 230 includes circuitry to execute 
application software, typically stored in the processor 
memory 227 or controller memory 217. The processing core 
230 directs the exchange of communications among the 
controllers 221-226 and the computer interface port 210, 
and arbitrates access to the network 180. The processing 
core 230 also executes TCP/IP software to exchange com- 
munications in the TCP/IP format and provide a routing/ 
bridging function. To support video, the processing core 230 
implements the International Telecommunications Union 
H.321 and H.323 video-conferencing standards. 

To support voice, the processing core 230 executes appli- 
cation software to implement Voice over IP and Voice over 
ATM standards. The processing core 230 responds to 
in-coming and out-going calls by executing Telecommuni- 
cations Information Network Architecture Consortium 
(TINA-C) Service Architecture Provider Agent application 
software. The telephone controller 225 provides an analog 
telephony interface to the path 245 under the control of the 
processing core 230. The analog telephony interface in the 
telephone controller 225 detects off-hook conditions, 
on-hook conditions, Multi-Frequency (MF) tones, and Dual 
Tone Multi-Frequency (DTMF) tones; and provides dial 
tone, ring current, ringback tones, busy tones, and other 
standard telephony signaling tones. An example of a pro- 
vider agent and analog telephony interface is disclosed in 
U.S. patent application Ser. No. 09/128,944, entitled "Tele- 
communications Provider Agent", filed on Aug. 5, 1998, and 
which is hereby incorporated by reference into this appli- 
cation. 

FIG. 4 depicts one example a protocol stack for the 
multi-services communications device 200. The various 
mappings described below indicate the protocol combina- 
tions that can be used. At layer 1, ATM, modem, DSL, 
Ethernet, computer interface, analog. telephone, and analog 
video are available. ATM, modem, and DSL layer 1 map to 
ATM layer 2. DSL layer 1 also maps to Ethernet layer 2. 
Ethernet layer 1 maps to Ethernet layer 2. Modem layer 1 
also maps to Ethernet layer 2 and serial line layer 2. 
Computer interface layer 1 maps to computer interface layer 
2. Analog telephone layer 1 and analog video layer 1 map to 
codecs layer 2. 
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At layer 2, ATM layer 2 maps to ATM layer 3 and TCP/IP 
layer 3. Ethernet layer 2 maps to TCP/IP layer 3. Serial line 
layer 2 maps to TCP/IP layer 3. Computer interface layer 2 
maps to computer interface layer 3. Codecs layer 2 map to 
codecs layer 3. At layer 3, ATM, TCP/IP, computer interface, 
and codecs map to the Application Programming Interface 
(API) at layer 4. 

The API layer 4 maps to the applications at layer 4. The 
API includes conventional API software for each layer 3 
protocol. The applications at layer 4 include the software 
executed by the processing core 230. 

It should be appreciated from the above description that 
the multi-services communications device 200 can handle 
voice, video, and data using a variety of communications 
protocols. Although the multi-services communications 
device 200 can connect to a computer, it is not dependent on 
the computer for control input. The multi-services commu- 
nications device 200 can handle video and telephone com- 
munications between a local telephone or video device and 
the communications network without any control input from 
the computer. The multi-services communications device 
200 can also handle data communications, including TCP/IP 
communications, between the computer and the communi- 
cations network. 

Those skilled in the art will appreciate variations of the 
above-described embodiments that fall within the scope of 
the invention. As a result, the invention is not limited to the 
specific examples and illustrations discussed above, but only 
by the following claims and their equivalents. 

We claim: 

1. A multi-services communications device that com- 
prises: 

a computer interface that is configured for coupling to a 
computer connection and that is operational to 
exchange data communications with the computer con- 
nection; 

a telephone interface that is configured for coupling to a 
telephone connection and that is operational to 
exchange telephone signals with the telephone connec- 
tion; 

a video interface that is configured for coupling to a video 
connection and that is operational to exchange video 
signals .with the video connection; 

a network interface that is configured for coupling to a 
network connection and that is operational to exchange 
asynchronous transfer mode communications, Ethernet 
communications, internet communications, digital sub- 
scriber line communications, and modem communica- 
tions with the network connection; 

a communications processing system that is operational to 
control the exchange of the data communications with 
the computer connection, to control the exchange of the 
telephone signals with the telephone connection with- 
out any control input from the computer connection, to 
control the exchange of the video signals with the video 
connection, to control the exchange of the asynchro- 
nous transfer mode communications with the network 
connection, to control the exchange of the Ethernet 
communications with the network connection, to con- 
trol the exchange of the internet communications with 
the network connection, to control the exchange of the 
digital subscriber line communications with the net- 
work connection, and to control the exchange of the 
modem communications with the network connection; 

communication paths that connect the communications 
processing system with the computer interface, the 



08/27/2003, EAST Version: 1.04.0000 



US 6,272,553 B2 



telephone interface, the video interface, and the net- 
work interface; and 
an enclosure that is operational to house the communica- 
tion paths, the communications processing system, the 
computer interface, the telephone interface, the video 
interface, and the network interface. 

2. The multi-services communications device of claim 1 
wherein the modem communications are cable modem com- 
munications. 

3. The multi-services communications device of claim 1 
wherein the modem communications are wireless modem 
communications. 

4. The multi-services communications device of claim 1 
wherein the modem communications are telephone modem 
communications. 

5. The multi-services communications device of claim 1 
wherein the network interface is further operational to 
automatically sense a protocol used over the network con- 
nection. 
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6. The multi-services communications device of claim 1 
further comprising a battery terminal. 

7. The multi-services communications device of claim 1 
further comprising a voice coder/decoder. 

8. The multi-services communications device of claim 1 
further comprising a video coder/decoder. 

9. The multi-services communications device of claim 1 
wherein the communications processing system is opera- 
tional to control the telephone interface to generate and 
receive telephone calls. 

10. The multi-services communications device of claim 9 
wherein the telephone interface is operational to detect 
off-hook conditions, to detect on-hook conditions, to detect 
tones, to provide dial tone, to provide ring current, to 
provide ringback tones, and to provide busy tones. 
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[57] ABSTRACT 

A system and method of synchronizing data transfers 
between two processors having different bus transactions by 
providing a buffer for storing the data and a control logic for 
dividing a concurrent address and data bus transactions Into 
an address bus transaction followed by a data bus transac- 
tion. During a read operation, the requesting device is forced 
to wait for data availability before entering the data bus 
transaction. During a write operation, the data bus transac- 
tion is delayed by using a storage mechanism that effectively 
separates the address transaction from the data transaction. 
The present invention also provides direct memory access 
fiy-by operations between an input/output device and a 
memory device. These operations are accomplished by 
isolating a secondary bus from the system bus and allowing 
the destination device to capture the requested data as soon 
as it is available on the system bus. 

17 Claims, 6 Drawing Sheets 
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BUS INTERFACE LOGIC SYSTEM nism to effectively separate the address bus transaction from 

the data bus transaction. 

BACKGROUND OF THE INVENTION h addition, the present invention provides direct memory 

i R.M ft fif, Tnv^ntion access (DMA) fly-by operations between an input/output 

1. Field of the Invention 5 ^vice and a memory device. These operations are accom- 
The present invention relates generally to data transfers ^ . fitting a secondary bus from the system bus and 

between two devices having different bus cycles and data mc destination device to capture the data as soon 

accesses. More particularly, the invention relates to a bus as ft fa on ^ system ta> 

interface logic system accommodating such a data transfer. 

2. Description of the Related Art 10 BRIEF DESCRIPTION OF THE DRAWINGS 
Ordinarily, a computing system is made of at least one x is a typical data processing system incorporating 

processor which is connected to one or more processors ^ „ escnt mve ntion. 

and/or to one or more peripheral devices Often times, inven- 

however. the different processors and the peripheral devices . riu * * 19 a ^ r 

have dissimilar data transfer bus tenures due to different 15 tl0D * _ 

design requirements, techniques or architectures. (A data FIG. 3 is a detailed block diagram of the mvention when 

transfer bus tenure is the length of time it takes for a device perforating a DMA fly-by operation. 

to receive or transmit data on a bus.) When this occurs, FIG. 4 depicts the various signals and their states in a read 

unless the different processors and peripheral devices are operation. 

synchronized such that data is transmitted/received only 20 pjQ 5 depicts the various signals and their states in a 
when a particular device is ready to receive/transmit the witt operation. 

data, data transfers will not occur. Pj G 6 depicts the various signals and their stales in a 

One such problem occurs with the IBM Reduced DMA fly-by operation. 
Instruction-Set Computer (RISC) Power Series 60X proces- 

sors and the RISC PowerPC 400 series processors. 23 DESCRIPTION OF THE INVENTION 

The IBM Power Series 60X are general purpose proces- Referring to FIG. 1. a typical data processing system, 
sors whereas the PowerPC 400 series processors are appii- generally labeled 30. is shown which may be used in 
cation oriented processors or embedded controllers. That is, conjunction with the present invention. Data processing 
the PowerPC 400 series processors are used for controlled ^ system 30 includes a central processing unit (CPU) 16, such 
applications such as office automation, consumer ^ onc 0 f the RISC Power Series 60X processors, which is 
electronics, set-top boxes, or where ever the power and interconnected to various other components by system bus 
compactness of electronics are needed to automate and 12, Certain RISC Power Series 60X processors may require 
simplify tasks. The PowerPC 400 series processors offer a host bridge (not shown) to interface with bus 12. Read only 
unique functions that include glueless interface to random- ^ memory (ROM) 16 is connected to CPU 10 via bus 12 and 
access -memories (RAMs) and read-only-memories comprises the basic input/output system (BIOS) that con- 
(ROMs). They also provide such features as direct memory trols the basic computer functions. Input/Output (I/O) 
access (DMA) channels, serial ports, interrupt controllers devices such as Keyboard 24, track ball 32, mouse 26 and 
etc. speaker 28 are all interconnected to bus 12 via user interface 

Thus, it is desirable to use the PowerPC 400 series w adapter 22. Display monitor 38 is connected to system bus 
processors in conjunction with the Power Series 60X pro- 12 through display adapter 36 and printer 13 is connected to 
cessors. Unfortunately, however, the PowerPC 400 series bus 12 through printer adapter U. In this manner, a user is 
transfers and receives data by entering an address and a bus capable of inputting to the system through keyboard 24. 
transaction concurrently and the Power Series 60X proces- track ball 32 or mouse 26 and receiving output from the 
sors transfers and receives data by first entering the address 45 system via speaker 28. display 38 and printer 13. Random 
bus transaction and then the data bus transaction. Hence, the access memory (RAM) 14 and I/O adapter 18 are also 
two processors are unable to transfer data to and from each interconnected to system bus 12. VO adapter 18 may be a 
othc ^ Small Computer System Interface (SCSI) adapter that corn- 

Therefore, there is a need in the art to provide a bus municates with a disk storage device 20. 
interface logic system which synchronizes data transfers 50 Data processing system 30 is connected to data processing 
between thePower Series 60X processors and the PowerPC system 40 through bus interface logic system 34. Data 
400 series processors or any two or more processors and/or processing system 40 includes a CPU 15 and a bus 17. The 
their peripheral devices having dissimilar data transfer bus CPU 15 is connected to the bus 17 which is further con- 
temned nected to the bus interface logic system 34. CPU 15 may be 

55 one of the RISC PowerPC 400 series processors. Although 
SUMMARY OF THE INVENTION data processing system 40 is shown as having a CPU and a 

The need in the art is addressed by the present invention. bus. it should be understood that as j^ f ^^^« 
Hie present invention provides a systenVand method of ^™ 30. it may contain any number of interconnected 
synchronizing data transfers between two processors by devices. 

providing a buffer for storing transferring data and a control 60 In the configuration shown in FIG. 1. CPUs 1 10 and 15 
logic for dividing a concurrent address and data bus trans- process and transfer data to and from each oAer. the n^m«7 
actions into an address bus transaction followed by a data devices 16 and 14 and the I/O devices 13, 20. 24. 26. 28 and 
bus transaction. The control logic also directs the data flow 32. Data to and from data processing system 30 ^acquired 
to the buffer. During a read operation, the requesting device over the bus 12. Likewise, data to and from CPU 15 is 
is forced to wait for the availability of the data before 63 acquired over the bus 17. However, due to the dissirnilanty 
entering the data bus transaction. During a write operation, in bus tenures of the two systems, data on the bus 12 is not 
the data bus transaction is delayed by using a buffer media- readily transferrabie onto the bus 17 without the aid of the 
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bus interface logic system 34. For example. CPU M trans- (ie., data oo bus 12). Both AD ATA and BDATA are 32-bit 
mits and receives data by first entering an address bus data. Clock 46 is used to provide the system clock signals, 
transaction and later a data bus transaction. During the when CPU 15 requests a read operation from CPU 10 it 
address bus transactioiu an address is sent to a particular starts by sending a chip select (CSn) signal to control lode 
device with which the CPU 16 wishes to communicate or to 3 44 to initiate me bus read tenure. Here, CSn is used to seteot 
CPU 1» from a requesting device. During the data bus the RAM/ROM or external VO devices which are configured 
transacaon. the data Is received or transmitted by the CPU for bank register n inside the CPU 15. where n=0 toTcPU 
». CPU 15 on the other hand, transmits and receives data 15 also sends a read request over the R/W line as well as the 
by entering both the address and the data bus transactions address of the device from which data is to be read (in this 
simultaneously. Accordingly, the bus Interface logic system 10 case the address of CPU 10). The read request is also sent to 
34 is used to provide the proper transaction arbitration to buffer 42 to ensure that data is transferred from bus 12 to bus 
aUow data transfers between data processing systems 30 and 17. In addition. CPU 15 sends a write byte enable (WBE<3 
40. Note that, in uiis configuration, transaction requests are . . . Q>) signal to the control logic 44. The WBB<3 . . . 0> 
usually initiated by the CPU 15. signal indicates the type of data'Lnsfer requested^, one 

CPU 15 also has an on-chip DMA subsystem, that J5 byte, one half-word or one word) by exhibiting the number 
includes storage raechanisra and channels, to provide DMA of valid bytes in a four-byte data, 
operations between an I/O device and a memory device. In turn, the control logic 44 provides a transfer start (TS) 
These DMA operations may be handled in two fashions: a signal to CPU 1« while providing a ready signal (READY) 
bus mastering fashion and a fly-by fashion. During a DMA "low" to CPU 15. The TS signal indicates to CPU 10 the 
bus mastering operation, the DMA subsystem reads from the 20 beginning of a bus transaction while the READY "low" 
I/O device and men generates a write operation to memory. signal signifies that the data is not yet ready to be transmit- 
Or, the DMA subsystem reads from memory, buffers the data ted. The control logic 44 also sends a transfer size (TSEZE<2 
read in its storage mechanism, and generates a cycle to write . . . 0>) signal to CPU 1*. The TSIZE<2 Osignal is a 
the data to the I/O device. translation of the WBE<3 . . Osignal sent by CPU 15 to the 

The DMA fly-by operations, which are write-to-memory 23 logic device 44. 
and read-from-memory operations, are accomplished as When AD ATA is available. CPU 10 places it on the bus 
described below. During a DMA write-to-memory fly-by 12 and asserts the transfer acknowledge fTA) signal pro- 
operation, the DMA subsystem generates a cycle to read data vided to both buffer 42 and control logic 44. The TA signal 
from the I/O device. While the data read is on the bus, the is used by the buffer to latch the transmitted data from bus 
DMA subsystem informs the memory device that a write 30 12 to the internal latches of buffer 42. As soon as the TA 
cycle has started and that it should pull the data from the bus. signal is detected by control logic 44. the READY signal is 
During a DMA read-from-memory fly-by operation, the driven to logical •'one" indicating that the data will be ready 
DMA subsystem generates a memory read cycle in which at the next dock cycle. The control logic 44 also keeps the 
the memory device puts the data on the bus. While the data select A-to-B (SAB) signal at logical "one" to transfer the 
is on the bus. the DMA subsystem generates an I/O write 35 stored data onto bus 17 

2?ili!ir £ * ^^f^ f fl *** * c bus interface logic 

ST S , fly - b / astern 34 effectively splits^ the read bus transaction* 

s^ e rrlcJL ^ subsystem's CPU 15 into two bus transactions (i.e., an address bus 

orage sm. ^ transaction and a data bus transaction). The system enters 

As shown in FIG. 1. both the VO device and the memory the address bus transaction as soon as the address signal is 
device are in a Power Series 60X environment whereas the sent to CPU 10. The data bus transaction is entered with the 
DMA subsystem, being part of the CPU 15, operates in a assertion of the READY signal Thus, the CPU 15 is forced 
PowerPC 400 series environment. Therefore, as in the to wait until the data becomes available from CPU 10 before 
normal operations described above, the bus interface logic 4S entering the data bus transaction. Consequently, the read 
system 34 is used to provide the synchronization of the two tenure of CPU 15 is lengthened to compensate for the delay 
systems. in mc availability of the data from CPU 10. 

FIG. 2 illustrates a detailed block diagram of the bus In a write operation, CPU 15 starts by sending a CSn 
interface logic system 34. The bus interface logic system 34 signal to control logic 44 to mark the beginning of the bus 
includes a control logic 44 and a buffer 42. Control logic 44 50 write transaction. The processor also sends an ADDR signal 
provides the signals necessary to interface and synchronize to CPU 10 and a write request to both CPU 10 and buffer 42. 
the transfer of data between bus 12 and bus 17. In this case, the write request to buffer 42 indicates the data 

Buffer 42 provides bidirectional transfer of data. Buffer 42 is to be transferred from bus 17 to bus 12. The control logic 
comprises bus transceiver circuits and registers with 3-state 44 me <> provides a TS signal to CPU 10 to indicate the 
outputs: a logical "zero", a logical "one" and a high imped- 55 beginning of the bus transaction. 

ance output The high impedance output is used to isolate Upon requesting the write operation, the CPU 15 places 
bus 12 from bus 17 when CPU 15 is operating in a DMA the data onto bus 17. The control logic 44 drives the SAB 
fly-by operation. The registers are made up of D-type flip and output enable (OE) signals to logical "zero" to allow for 
flops. The buffer 42 has control circuitry arranged for real time data transfer from bus 17 to bus 12. The control 
multiplexing data directly from the input bus or from the 60 logic also drives the READY signal to logical "zero" to 
internal registers. The buffer 42 also provides transparent indicate that CPU 10 is not yet ready to receive the data, 
latches on both the side of bus 12 and bus 17. (A transparent When ready, CPU 10 samples the data by asserting TA. 
latch is a latch that passes output data when a control signal Thus, as in the read bus tenure, the write bus tenure is 
is in one state and holds the output data when the control divided into an address and a data bus transaction. Here then, 
signal is in the opposite state regardless of input data.) 65 the address bus tenure occurs as soon as the address is sent 
BDATA is data from data processing system 4* (i.e., data on to CPU 10. In this case, however, the FIFO buffer is used to 
bus 17) and ADATA is data from data processing system 30 delay the availability of the data from CPU 15 to CPU 10 to 
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effectively separate the data bus transaction from the address ADDR, R/W and SAB go back to their original states during 

bus transaction. clock cycle 8. Since CSn indicates the beginning and the end 

As shown in FIG. 3, a number of different signals are of mc transaction, BDATA stops being valid when CSn 

involved in the DMA fly-by operations. For instance, when transitions back to logical "one". At clock cycle 9, the 

display adapter 36, on behalf of display monitor 38, requests 5 system returns to its idle state. 

a DMA fly-by read-from-memory operation from RAM 14, ***** ia nG * 5 * mc various ^nals undergo similar 

it starts by sending a direct memory access request ****** "g a D ^ 2* r ^°?\ For cxann?le firing 

(DMAR<3 . . . 0» signal to CPU 15. Note that the chimel dod ? cy^e 2 ADDR will either be driven to a "one" 

over which the direct memory access is to occur is specified Vl^t^u ^8™*% ^ J?*" 5 °* J**™* 

in the DMAR<3 . . . 0> signal. The CPU 15 hon^Tthe 10 sclc ^ *™ "f™^ ?f ^ow" depending 

, , „ . tt ~~ „ on its previous state. CS and TS will go low . Due to real 

request by placing a vahd row address (RAS<0 . ^and ^ £ u of ^ » ^ a^a 

column adtoss (CAS<0 . . . 3>) signals on the address bus BDATA will be valid. At clock cycle 3, TS returns to its 

The CPU 15 also provides a DMA acknowledge (DMAA<3 ^ Just as * the read cycle, dock cycle 4 is a wait 

0» signal to control logic 44 and to display adapter 36 ^ During clock cyde 5, TA is transitioned to a logical 
Upon receiving this signal con^l logic 44 ta-states bus 17 « <w Both TA afld ready dban%c meir states during 

by driving the OE signed to ^logical "one". This isolates bus clock ^ 6 md at dock ^ 7 , cs , ready. r/w and 

*I5° m " °? D ^ fi y^ read transaction addr rct urn to their original states. AD ATA and BDATA 

between RAM 14 and display adapter 36 is taking place. ^ p ^ino valkL 

Once the requested data is available on bus 12, the display ™ "Tj 4 . . . . . _ . 

*u u. ^ 'a ™ FIG. 6 depicts the various signals and their states in a 

adapter 36 captures it from the bus and provides it to monitor 20 r^*** i_ *: a* i i, , 1 ^ _ 

Sv^t* a7j b a nuA „«*o — fi „ . , DMA fly-by operation. At clock cyde 1, the DMA request 

38. Note that in a DMA wnte^o-memory fiy-by operation, is ^ived (^4AR<3 ... 0> goes "low"). During dock 

the same sequence of signals occurs, except that the data is d 2 n * >u clock cvde 3 ikrowa^ 

placed on the bus 12 by the display adapter 36 and is ^, g nappcn ^ M uock cycle j. me row and 

Lh lw /K« LDAv7w rt «!! ™,^Vki^ column addresses are sdectcd by asserting RAS<0 . . . 

captured by the RAM 14 once available. j^e^n ^ , . / „ . . , . 

; . „ 3>and CAS<0 . . . 3>. A number of events occur during dock 

FIG. 4 depicts the various signals and their states when a 4. DMAA<3 . . . Otransitions to logical "zero" to 

CPU IS requests a read operation. Signal sysclk is the acknowledge the request R/W will either stay at logical 

system clock signal and the intervals are dock cycles. At " zei o» or transition to logical "one" depending on whether 

dock cycle 1, the read request has not been initiated and the | t & a read or a write request and DMAR<3 . . . 0>will be 

system is in idle state (i.e., the state it was after performing ^ven to logical "one". The row address wfll be put on the 

its last operation). At the beginning of dock cycle 2, signal 30 address line and OE will go "high" to isolate CPU 15. Then, 

CSn is transitioned from a logical "one" to a logical "zero". me RAS<0 . . . 3> signal is transitioned to logical "zero". 

The RAV and ADDR signals are transitioned appropriately. Durm clock ^ y me ^ address is put OD ^ 

™ 2t £™ ^^V^ 0 " W ? a . 1*"*°* ten address line, ADATA becomes valid and CAS<0 . . . 3> is 

si^alRjWwilibe low during clock cycle . Hence, signal Mven to logical At clock ^ 6 . D MAA<3 . . . 

R/W wfll have to be driven to a logical "one at the Oreturns to logical "one- thus ending the acknowledge- 

beginmng of dock cycle 2 to indicate a read operation (in ment During dock cyde 7, both the RAS<0 ... 3> and the 

this case, a logical one or "high" signal signifies a read CAS<0 . , . 3> sigoa i s return to logical "one- and ADATA 

operation whereas a logical "zero* or "low" signal indicates sto ^ vaIid> At clock ^ Settle signal returns 

a wnte operation). If. on the other hand, the last operation toits ^ ^ ^ 0E , RAS<0 . . . 3> and CAS<0 

was a read operation ^then me 1^ sigi^ w^ a^dy be in 40 , 3 > signahgo back tor^galogical "zero- The system 

alogicai one state during clock cyde 1 and nothing further rctums to its idlc ^ durfng clock cyde 9. 

needs be done. While the invention has been particularly shown and 

The ADDR signal will be driven to either a logical <\>ne" described with reference to ^ the preferred erribodiment 

or a logical "zero* 1 depending on which device is being 45 thereof, it will be understood by those skilled in the art that 

addressed. For simplicity purposes, the ADDR signal is changes in form and details may be made therein without 

shown as being one signal transitioning either to a logical departing from the spirit and scope of the invention, 

"one" or a logical "zero", however, it should be noted that what is daimed is: 

it may be a plurality of signals whereby each one goes either 1. A bus interface logic system for synchronizing data 

to a logical "one" or to a logical "zero" to form the particular M transfers between a first and a second device having different 

address of the device selected. The TS signal is driven address/data bus tenures comprising: 

; low " ^ ^ BDATA may be active, this data ^cngc means for storing data being transmitted from said 

is not valid. first device to said second device, said data being stored 

At the beginning of clock cyde 3, both the TS and SAB to allow said second device time to be ready to receive 

signals are driven to a logical "one". Qock cyde 4 is a wait 55 said data: and 

cycle. That is, nothing happens during dock cyde 4 while a control logic means for forcing said first device to wait 

the system awaits the avaUability of ADATA. Although the in a data bus tenure until said second device transmits 

wait cyde is depicted as one clock cycle, it should be sa id data. 

understood that depending on the readiness of the target 2. The bus interface logic system of claim 1 wherein said 

device, it may be longer than one cyde. M contro i logic means generates a first control signal for 

During dock cycle 5. signal TA goes "low" indicating that transferring said data from a first bus to a second bus. 

ADATA is now available. ADATA then begins to be trans- 3. The bus interface logic system of claim 1 wherein said 

mitted to buffer 42 at dock cycle 6. the READY signal goes control logic means further includes input means for recdv- 

"high" indicating to CPU 15 that the requested data is ing a first signal initiating a bus request transaction, 

available. TA and ADATA return to meir original states and 65 4. The bus interface logic system of claim 3 having means 

valid BDATA begins to be transmitted. During clock cyde for converting a four bit data size request to a three bit data 

Is CSn and READY go back to their original states whereas size request 
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5. The bus interface logic system of claim 4 wherein said 
control logic generates a second control signal allowing for 
direct memory access fly-by operations. 

6. The bus interface logic system of claim 5 wherein said 
second control signal isolates said first bus from said second 
bus. 

7. The bus interface logic system of claim 6 wherein said 
storage means includes bidirectional input/output means for 
receiving and transmitting said data. 

8. An interface logic system for synchronizing data trans- 
fers between a first and a second network having different 
bus cycles comprising: 

storage means for temporarily storing data being trans- 
ferred between the first network and the second 
network, said storage means having Input/Output 
means for receiving and transmitting said data and 
input signal means for receiving control signals; and 

control logic means for providing synchronizing signals 
to transfer data from the first network to the second 
network and for providing the control signals to the 
storage means, said synchronizing signals including a 
first signal for forcing the first network to wait in a data 
bus tenure until the second network transmits said data, 
said first network transmitting data into said storage 
means to allow said second network time to become 
ready to receive said data* 

9. The interface logic system of claim 8 wherein said 
control signals include a signal for isolating a first bus from 
a second bus and a second signal for directing data flow in 
said storage means. 

10. The interface logic system of claim 9 wherein said 
control logic means translates a signal from the first network 
to a signal of the second network. 

11. The interface logic system of claim 10 wherein said 
control logic means allows for direct memory access fly-by 
operations between an input/output device and a memory 
means attached to said second network. 

12. A method of synchronizing data being transferred 
between a first and a second processor having different bus 
cycles comprising the step of: 

dividing a concurrent address and data bus transactions 
into an address bus transaction followed by a data bus 
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transaction, said step of dividing includes forcing said 
first processor to wait in a data bus tenure until said 
second processor transmits said data and storing data 
transmitted by said first processor into a storage means 
5 to allow said second processor time to become ready to 
receive said data. 

13. The method of claim 12 wherein the step of dividing 
said concurrent address and data bus transactions includes 
the step of generating a first control signal for delaying said 

10 data bus transaction. 

14. The method of claim 13 further including the step of 
generating a second control signal for transferring data from 
a first bus to a second bus. 

x 5 15. The method of claim 14 further including the step of 
converting a four bit data size request to a three bit data size 
request 

16. Hie method of claim 15 further including the step of 
generating a third control signal allowing for direct memory 

20 access fly-by operations. 

17. A computer system having at least a first processor 
with a first bus tenure and a second processor with a second 
bus tenure, said system comprising: 

at least a first and a second bus. said first and said second 
25 processor connected to said first bus and said second 
bus. respectively; 
a bus Interface logic connected to said first bus and said 
second bus for facilitating transfer of data between said 
30 first processor and said second processor, said bus 
interface logic including: 
storage means for storing data being transacted between 

said first and said second processor; and 
control logic means connected to said storage means and 
35 said first and said second bus for forcing said first 
processor to wait in a data bus tenure until said second 
processor transmits said data, said first processor trans- 
mitting data into said storage means to allow said 
^ second processor time to become ready to receive said 
data. 

* * * * * 
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